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Background: Lithium disilicate occlusal vencers offer a conservative solution for restoring

Pedro Luis Tinedo-Lopez2”  posterior tooth wear, especially when bonded to dentin. CAD/CAM technology has enabled
ptinedo@cientifica.edu.pe precise fabrication of these restorations, but concerns remain regarding their fracture resistance in

Martin Andrés Chavez-Méndez:* @ demanding clinical scenarios. Our objective is to evaluate the fracture resistance of CAD/CAM-

mchavezme@cientifica.edu.pe fabricated lithium disilicate occlusal veneers luted to dentin through a systematic review of in

vitro studies. Methods: A systematic search was conducted in PubMed, Web of Science, Scopus,
and Embase for in vitro studies published in English, Spanish, or Portuguese over the last 10
years up to 2025. Inclusion criteria focused on experimental studies assessing fracture resistance of
lithium disilicate occlusal veneers bonded to dentin. Risk of bias was assessed using the QUIN tool.
Results: Eight studies met the inclusion criteria. All used human teeth and evaluated veneers with
thicknesses ranging from 0.5 mm to 2.5 mm. CAD/CAM lithium disilicate veneers consistently
demonstrated high fracture resistance values, exceeding typical posterior bite forces. Fracture
resistance was positively influenced by increased thickness and the use of immediate dentin sealing.
The aging protocols (thermocycling or water storage) showed limited impact on outcomes. All
studies were rated as low risk of bias. Conclusion: Lithium disilicate occlusal veneers fabricated
with CAD/CAM and luted to dentin show excellent fracture resistance. A thickness between 0.8
mm and 1.5 mm is recommended for optimal strength, especially when immediate dentin sealing
is applied. Further research should explore adhesive protocols to enhance dentin bonding.
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mchavezme@cientifica.edu.pe Objetivo: Las carillas oclusales de disilicato de litio ofrecen una solucién conservadora para la
restauracién de desgaste dental posterior, especialmente cuando son cementadas en dentina. La

tecnologia CAD/CAM ha hecho posible la fabricacién de estas restauraciones; sin embargo, existe

OLos autres, 2026. Publicado por la aun preocupacion en lo referido a la resistencia a la fractura en escenarios clinicos demandantes.

Universidad Cientifica del Sur (Lima, Per() Nuestro objetivo es evaluar la resistencia a la fractura de carillas oclusales de disilicato de litio
fabricadas en CAD/CAM cementadas en dentina mediante una revisién sistematica de estudios in
vitro.Método: Una revisién sistemdtica fue realizada en PubMed, Web of Science, Scopus y Embase,

en busca de estudios in vitro publicados en los ltimos 10 afios en inglés, espafiol o portugués. Los

Cite as: Llompart-Delgado ]S, Tinedo- criterios de inclusién se centraron en estudios experimentales que evaluaron la resistencia a la
Lépez PL, Chavez-Méndez MA. Fracture fractura de carillas oclusales de disilicato de litio adheridas a la dentina. El riesgo de sesgo se evalué
Resistance of Lithium Disilicate Occlusal mediante la herramienta QUIN. Resultados: Ocho estudios cumplieron los criterios de inclusién.
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Todos utilizaron dientes humanos y evaluaron carillas con espesores que oscilaban entre 0,5 mm y
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fractura se vio influenciada positivamente por el aumento del espesor y el uso de sellado de dentina

inmediato. Los protocolos de envejecimiento (termociclado o almacenamiento en agua) mostraron

un impacto limitado en los resultados. Todos los estudios se clasificaron como de bajo riesgo de sesgo.
Conclusién: Las carillas oclusales de disilicato de litio fabricadas mediante CAD/CAM cementadas

a la dentina muestran una excelente resistencia a la fractura. Se recomienda un grosor de entre 0,8

mm y 1,5 mm para una resistencia 6ptima, especialmente al aplicar sellado dentinario inmediato. Se

recomiendan futuras investigaciones para explorar protocolos adhesivos que mejoren la adhesién a la

dentina.

Palabras clave: disilicato de litio, carillas oclusales, CAD/CAM, adhesién dentina, resistencia a la

fractura, estudios in vitro

INTRODUCTION

Due to restorative

dentistry has developed new materials that allow the

technological ~advancements,
rehabilitation of complex clinical cases involving severe
tooth wear, without sacrificing a significant amount of
dental tissue (*®). Although minimal preparation was
traditionally associated with facial veneers, this concept
has now been extended to occlusal veneers, which
require only minimal tooth reduction and provide little
to no mechanical retention. In such cases, it is essential
to round any sharp angles on the surface designated for
veneer placement and preserve the remaining enamel to
ensure optimal bonding ().

'The wide variety of materials and minimal thicknesses
available for these restorations enables their application
at different stages of a treatment plan (*). The integration
of novel materials with CAD/CAM technology,
together with continuous advancements in adhesive
protocols—such as immediate dentin sealing—has
made it possible to restore severely worn teeth without
turther compromising the remaining tooth structure or

pulpal vitality (*).

Only ceramics and composite resins adhere to the
biomimetic principles of tissue preservation and
esthetics. The use of ceramics as enamel substitutes is
highly recommended (*°), with the choice of material
primarily depending on its strength, thickness (’), and
ability to bond effectively to adjacent dental substrates
(8, 9), thereby mimicking the enamel—-dentin junction.
The development of stronger ceramics that remain both
etchable and machinable has broadened the indications
for adhesive ceramic restorations (*%11).
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Among these materials, lithium disilicate—a glass-
ceramic—stands out for its high flexural strength,
biocompatibility, translucency, and excellent esthetic
properties (*?). Studies on the fracture resistance of
occlusal veneers fabricated from different materials
aim to identify the most suitable options for efliciently
restoring cases of dental wear (** '*). However, these
investigations vary considerably in methodology,
ranging from in vitro experiments to three-dimensional
simulations (13-1°),

Amesti-Garaizabal et al. (7) conducted a systematic
review on the fracture resistance of partial indirect
restorations fabricated with CAD/CAM technology,
analyzing restorations from inlays to overlays using
diverse materials such as machined resins and ceramics.
Nevertheless, their review did not include occlusal
veneers, nor did it distinguish the type of dental substrate
involved in the restorations.

'The substrate to which a restoration is bonded depends
on the clinical condition of the tooth, with exposed
dentin representing one of the greatest challenges
(*®). Some studies (**'°) have evaluated the fracture
resistance of occlusal veneers of varying thicknesses on
favorable substrates such as enamel. However, as this
is a relatively new restorative alternative, no consensus
has yet been reached regarding their use, even though
they are increasingly incorporated into comprehensive
rehabilitative treatments.

Systematic reviews play a crucial role in synthesizing
existing evidence and providing critical analyses of
specific topics. To date, only one systematic review (20)
has assessed bonded partial restorations on enamel
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substrates. Nevertheless, further research is required to
focus specifically on occlusal veneers.

Therefore, the aim of the present study was to analyze
the outcomes of in vitro studies on CAD/CAM-
manufactured lithium disilicate occlusal veneers and to
determine their fracture resistance when cemented to
dentin.

MATERIALS AND METHODS

In accordance with methodological recommendations
for systematic reviews in the health sciences—which
advise limiting the search period when technological
advancements are expected to directly influence
outcomes (PRISMA, Cochrane Handbook) (*')—
articles published within the last 10 years up to 2025 were
analyzed. The search focused on experimental in vitro
studies published in English, Spanish, or Portuguese.
The included studies specifically evaluated the fracture
resistance of lithium disilicate occlusal veneers fabricated

using CAD/CAM technology and luted to dentin.

'The systematic review was conducted using the following
electronic databases: MEDLINE via PubMed, Web
of Science (WOS), Scopus, and Embase. The review
was registered at Universidad Cientifica del Sur under
the registration number POS-53-2023-00277, and
the protocol was also registered in PROSPERO
(International Prospective Register of Systematic

Reviews) under the code CRD42024533901.

Search strategy

The systematic review was performed using several
databases (Table 1). Different keywords, Boolean
operators (OR, AND), and MeSH terms were used
for each database as follows: "occlusal veneers" OR
"occlusal veneer" OR "onlay" OR "onlays" OR "occlusal
veneer™ AND "CAD/CAM" AND "dentin" AND
"lithium disilicate" OR "ceramics" OR "ceramic" AND
"fracture" OR "strength fracture”

Table 1. Search strategy on data bases

Data base (strategy)

[ PubMed: 16

(((((((("occlusal veneers") OR ("occlusal veneer")) OR ("onlay")) OR
("onlays")) OR ("occlusal veneer*")) AND ("CAD/CAM")) AND ("dentin"))
AND (((("lithium disilicate") OR ("lithium disilicate*")) OR ("ceramics")) OR
("ceramic"))) AND ((("fracture") OR (“fracture*")) OR ("strength fracture*"))

2. WOS 35

Results for (((((((("occlusal veneers") OR ("occlusal veneer")) OR ("onlay"))
OR ("onlays")) OR ("occlusal veneer*")) AND ("CAD/CAM")) AND
("dentin")) AND (((("lithium disilicate”) OR ("lithium disilicate*")) OR
("ceramics")) OR ("ceramic"))) AND (((*fracture") OR (“fracture*")) OR
("strength fracture*")) (All Fields)

3. Scopus: 18

TITLE-ABS-KEY ( ( ( ( (((( ("occlusal veneers") OR ("occlusal veneer" ) )
OR ("onlay") ) OR ("onlays") ) OR ("occlusal veneer*" ) ) AND ( "CAD/
CAM") ) AND ("dentin") ) AND ( (( ("lithium disilicate” ) OR ( "lithium
disilicate*" ) ) OR ("ceramics" ) ) OR ("ceramic") ) ) AND ( ( ("fracture")
OR ("fracture*") ) OR ("strength fracture*")))

4. EMBASE 26

(‘occlusal veneers' OR 'occlusal veneer' OR 'onlay' OR 'onlays' OR 'occlusal
veneer*®') AND (‘cad/cam'/exp OR 'cad/cam') AND ('dentin'/exp OR
'dentin") AND ('lithium disilicate'/exp OR 'lithium disilicate’ OR "lithium
disilicate®' OR 'ceramics'/exp OR 'ceramics' OR 'ceramic'/exp OR 'ceramic')
AND (‘fracture'/exp OR 'fracture' OR 'fracture*' OR 'strength fracture*")

Selection criteria

The selection strategy was established according to
the PICOS framework (Table 2) and followed strict
inclusion criteria: in vitro experimental studies published
in English, Portuguese or Spanish within the last 10
years up to 2025, evaluating the fracture resistance of
lithium disilicate occlusal veneers cemented to dentin.
The exclusion criteria included in vivo studies, finite
element analyses, literature reviews, and case reports.

Table 2 : PICO FORMAT

Acronim  PICO format

Lithium disilicate occlusal veneers CAD/CAM
Keywords: “occlusal veneers”, “occlusal veneer”,
“onlay”, “onlays”, “occlusal veneer*"”

P Population

Lithium disilicate occlusal veneers CAD/CAM
bonded on dentin.

Keywords: “CAD/CAM”, “lithium disilicate”,
“lithium disilicate*" “ceramics”, "‘ceramic”,
“dentin”

Intervention

Evidence in the literature regarding the fracture
resistance of CAD/CAM-machined lithium
disilicate occlusal veneers bonded to dentin.
Keywords: “fracture”, “fracture*”, “‘strength
fracture*”

O Outcome

»
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Study selection process

To obtain the final selection of articles and eliminate
duplicates, the references were filtered using Rayyan
software (?). Two reviewers (J.LL.D. and M.A.C.)
independently assessed the titles and abstracts. In cases
of disagreement, a third reviewer (PL.T.L.) resolved
the discrepancies and made the final inclusion decision.
The inclusion and exclusion criteria were subsequently
applied to select the final set of articles for analysis.

Data recollection process

For data extraction, the following variables were
considered: author, journal, year, country, testing material,
study groups, veneer thickness, dental substrate, type of
cement, type of aging process, type of test, measurement
unit, instrument and fracture resistance values obtained.

Risk of Bias Assessment

To assess the quality of the selected articles, the **QUIN
tool (Quality Assessment Tool for In Vitro Studies)*
(*%) was used. This includes a 12-item questionnaire for
verifying experimental studies (Table 3), scoring each
item as: Adequately specified = 2 points, Inadequately
specified = 1 point, Not specified = 0 points, Not
applicable = excluded from final calculation. The final
score was calculated using the formula: Final score (%)
= Final score x 100 / [2 x(x)] (x = number of applicable
items). Based on this, risk of bias was categorized as:
>70%: Low risk, 50-70%: Medium risk, <50%: High

risk.

Two independent reviewers evaluated the articles. Any
disagreements were resolved with the help of a third
reviewer.

4 | H[Qf

Table 3. QUIN Tool (quality assessment tool for in vitro
studies)

# Criteria Criteria Details
. Study should clearly state aims and/or
| Clgarly siziczelehme/ objectives, which should then be followed
objectives
throughout.
Details regarding method by which
Detalled explanation given sample size ca}\culated §hou|d be
) clearly stated. Details regarding software
2 of sample size
. program, formula, and parameters used
calculation ; .
for calculation of sample size should also
be specified.
Details regarding predefined population
Detailed explanation from which sample has been selected.
3 of sampling Details of sampling technique and inclusion
technique and exclusion criteria should be clearly
stated
. Details of comparison group (positive
4 Details of control, negative control, or standard)

COMPArISoN group ¢ 51id be clearly specified.
Clarity of procedure, method of
5 Detailed explanation standardization, and details of any universal
of methodology standards used (if applicable) should be
clearly stated.

Number of operators and details
regarding training and calibration

of operator/s (inter-operator and
intraoperator reliability) should be clearly
specified.

6 Operator details

Details regarding sequence generation and
allocation concealment should be clearly
stated

7 Randomization

Clarity of procedure and rationale for
choosing method should be stated.
Method of standardization along with
details of any universal standards used (if
applicable) should also be clearly specified.

Method of
8 measurement of
outcome

Number of outcome assessors and
details regarding training and calibration
of assessor/s (interoutcome and intra-
outcome assessor reliability) should be
clearly specified.

Outcome assessor
9 ;
details

Details regarding blinding of operator(s),
outcome assessor(s), and statistician
should be clearly specified

10 Blinding

Details regarding software program used
and statistical analysis should be clearly
specified.

Il Statistical analysis

Outcome should be based on predefined
12 Presentation of aims and/or objectives. All data should
results be adequatel tabulated with baseline data
clearly specified (if applicable).
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Table 4. Characteristics of selected articles

Autor

Journal

Andrade  Operative

eta®  Dentistry o
Journal of the
Mechanical

Yazigiet o' Behavior of 007
Biomedical
Materials
Journal of the
meca’mtasf -
behavior o 0l

e biomedical
materials

Zhang  Journalof

eta\§ Prosthodontics m
Journal of the

Aeisy mechanical

‘25 behavior of 2001
jomedical
material

/e\t"az‘?rdk Materids 2021

B gMCOulHeath 13

Paqué  The Academy of

@i DentaMaerds 224

Year Country

Brazi

Germany

USA

China

China

Egt

Fgpt

Switzerland

Sample
Size

N=70 molars

N=96
premolars

N=60 molars

N=64
premolars

N=84 molars

N=90molars

NiA2 molars

N:80 molars

Prosthetic Veneer
Material Study Groups
ane o 7 groups
i et e | Suntest (oo
Hppridcerenic Vi % };g m:i aD (I)g m 06mm and
Eramic VITA Zehwfebrk 4y e 06 i Dentin
Nanoceramic composite e ’
Lo Utirte MESE 1 2)T2ETaTc 1>
Paul M, USA kg JoT
o Lava Utimate 1.5 mm.
[ 3groups of 32
eﬂl@fﬁ;“{ﬁéﬁf | %Nitﬁout inmediate dentin sealing
v dert, Schan 2) With inmedate dentin seaing with
B " totalacid etch
égﬁgﬁeﬂﬁ?‘ﬁm 3)With inmedate dentin sealing with O Dertn
Press (voclar Vivad selective acid etching
sﬁiﬁfﬁ?ﬁte‘nvftg%nf' 2 subgroups (n: 16) n each group, by
' acid etching :total efch or selective etch.
—E [I:Lyrg‘rcwd ceramic Vita 3) o0 Es o0, -
AL oo ta Enamic (Vita Zahnfabri,
—eﬂu?:g\(\'cvaggﬁ Badsackingen,” German()
Vvader, Lichenste) 2) IPS emax CAD (vocr Vivadent, — [.5mm Dentin
e Liechtenstein)
- Bruxzir Zirconia yed -
.. 3) Bruir (Gldewell Laboratories,
‘(sih:%eslk?boratone& s AS
MC: microhybdrid
compostte (Ceramage,
Shofunc, Kyoto, apan);
-FMC: microfybrid fiber
reinforced composie 2 groups,, divided in 4 each
BverStick C&8, GC, ) Gl: thickness [.5 mm  MC /FMC/ L Smmand
okyoJapan) HPC/CCC L Dentin
Lithium disiicate HPC: ~2) G2hickness 25mm MC/IMC/ "
Lithium disficate. PS emax HPC ICCC
Press(voclar Vivadent)
-CCC: Lithium difcate
(IPS emax CAD, hocr
Vivadent)
Lithium disficate emax
CI-/;/E Vi ?groups%AD Iand |5
-Hybrid ceramic Vita lemax CAD: | and |.5rmm
Enarmic, 2)Vita Enamic: | and |.5 mm Dot i
- Nanoceramic composite - 3)Lava Uttimate: | and 1.5mm
Lava Utimate
9 groups:
I \Cithium disicate on dentin.
2)Lithium dislicate on dentin with
intracoronal cavity
3)Lithium disficate on dentin with
composite
ZU\ :g‘;:g e 4)Zirconia on dentin
Poymer nftraed 5)Zirconia dentin with ntracoronal caviy. | mm Dentin
ceramic 6)Zirconia on dentin with intracoronal
cavty and composite
T)Polymer infitrated ceramic on dentin
8)Polymer infitrated ceramic on dentin
with intracoronal cavity
9)Polymer infitrated ceramic on dentin
with ntracoronal cavity and composite
- groups of:
thickness: 05 mm (n=21) or |
IPSemax CAD Lithium ~ mm (n=21)
dislicate -3 subgroups by sufrace conttioning
%\ass ceramics HS (‘)mm et Dentin
lvociarVivadent AG, HF zcd (HF-1, HF-05), acidulated
Schaan, Liechtenstein F;vosphateﬂuomde (APF-1, APF-03)
lonobond
etch &prime (MON-1, MON-05)
-IPS emax CAD (vockr 4 groups
Vivadent, Schaan, )CAM:IPS emax CAD; hodiar
Liechtenstein Vivadent)
HPRIPSemaxPress  2)HPR: inyected lithium disicate with a
(voclar Vivadent, Schaan, - PPMA impress mold (IPS e max Press;
Liechtenstein) Iodar Vivdent, Schean, Liechtensten); < Dertn

Experimental fithium
dislicate (Lithoz, Vienng,
Austria)

-PTEPS emax Press
(Ivoclar Vivadent, Schaan,
Liechtenstein)

3)3DP: 3d impress ithium disficate

g,xpemmema\ [thium disficate; Lithoz
mbH, Vienna, Austria);

4)PTE: inyected lithium disicate disicato

with a 3d impress mold (IPS emax Press

hoclar Vivadent)

Dental

Type of

Thickness substrate Cement

Variolink
N (vodar
VivadentS)

Variolink
Esthetic
LG, (vodar
Vivadent).

Panayia F2.),
Kuraray Medical,
Okayama, apan

Superbond
C88,Sun
Medical,
Moriyara,
o

Rely X Unicem,
3MESPE, St Paul
Minnesota, USA

Duo-Link
Universal,
Bisco Inc,
Schaumburg,
IL, USA

Muttlink N
(Ivodlar-Vivadent

Variolink Esthetic
LC; Ivoctar
Vivadent).

Aging  Type

Method

Fatigue cyles:
(%000 on
dest\Hed water 37°

Fracture
strength

Storage on

37° water for

2 weeks por 2
Thermornecanic
Simulador and
thermocyling
between 5- 357 for
30sec.

Fracture
strength

Storage at incubator  Fracture
for3weeksat37°  strength
Thermocycling

and fatigue testing:

1200{ O%O oycles gyifr:wﬁ
ith SONand ¢~ 1
y95°C

Thermocyciing Bl
gf) 5000 qc\es O g
Thermocyciing Fracture
Sf 3000 odesat o gh
Storage on water

at 37°for 75 days. Bt

Aftera hcfatlgue
charge of 240000 rergh

oycles.

Thermornecanic
Simulador on
water storage of 5
and55°

Fracture
strength

Test Measurement Instrument

of Unitof  Measuring Measurements

Obtained

Universaltesting 1P EMAX CAD 0.6mm
Newiors machine DL-2000 384N
SEM\C, Sa'0 Jose dos IPSEMAX CAD [.5mm
inhais, PR Brasi) ~ :4995N
psemax cad ids total
etch 1980
psemax cad without ids
with selective etch 396 n
Ipsemax cad ids total etch
g‘”ﬁt‘m ; plustotal etch:1777n
Newtons Wﬁ\ ‘ eg Muidy, - psemaxadvithids
G Ve Hch, oy plus selective
ey et 1720n
-psemax cad ids selective:
with totaletch:1 780 n
-psemax cad sdi selective
plus selective etch: 1848
Universal testing
Mg machine (MTS858  IPS e.max CAD |.5mm:
Mini Bionix I, MN, - 49321 £ 10224N
USA)
Universal testing C‘%rcw(r‘:)s EMAXCAD):
machine Instron 0
Neitons 5969 nstron, 2; gsm?j N
Boston,IL o ar
306645 N
Universaltesting 1P eMax CAD Imm:
Mis machinenstron~~ 1889.96N
3345, Canton, IPS eMax CAD | 5mrm:
Massachusetts, USA 2127.09N
ps emax cad / dentin:
251050
Universaltesting - ps emax cad /dentin with
machine Instron~ intracoronal cavity:
Nestons Mode 35, 250591
Canton,MA, USA Ips emax cad fdentin with
composite: 218253 n
psemax cad hf-05 mm:
116620
psemax cad hf-1 mm
. " 2151460
Universal testing
' r}rga %}in es(‘r; SEBm . \pnsq el 9méxntad af05
lewtons , USA) (Bluehll
Universal software, ‘\psegnax el
hston, US), \E)se max cad mon0.5 mm
-Ips.emax cad mon| mm;
[64n
Universal testing
Newtons Eggn% %‘A%c/k psemaxcad:|746n
Ulm, Germany)
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[ Identification of ies via datab and registers ]
S Records identified from*: Reoord_s rgmoved before
2 Pubmed * 22 screening:
3 WOS - 35 Duplicate records
2 : > )
= . ” removed by automation
£ SCOPUS :18 1501 (=i
= EMBASE: 26 ool (m=41)
__
) Records screened Records excluded by human,
(n=60) | based on tittle or abstract
(n=44)

|

Reports sought for retrieval

> (n=16) > | Reports not retrieved
= =
=
; |
@
Reports assessed for eligibility o
(n=16) »| Reports excluded:
Results not specified : 2
Different dental substrate: 6
_
g Studies included in review
] (n=)8
£
—

FIGURE I: Flow diagram for new systematic reviews. PRISMA 2020"

*Consider, if feasible to do so, reporting the number of records identified from each
database or register searched (rather than the total number across all databases/registers).
#*|f automation tools were used, indicate how many records were excluded by a human
and how many were excluded by automation tools.?

RESULTS

The search strategy (Figure 1) retrieved a total of 101
articles from the selected databases. After the removal of
41 duplicates, 44 articles were excluded based on title or
abstract screening, leaving 16 articles for full-text review.
Of these, 8 articles were excluded for not meeting the

inclusion criteria. Consequently, 8 studies were included
in the final analysis (Table 4).

All eightstudies used human teeth as specimens; however,
only one study employed premolars, while molars were
predominantly selected for preparation and subsequent
cementation of occlusal veneers (*431). The selected teeth
met specific parameters to minimize sample variability,
including appropriate size, sound condition (unworn

5 | N[Qf

teeth), and standardized dimensions averaging 10.0 mm
mesiodistal width and 10.5 mm buccolingual height (+

2 mm).

All studies performed dentin-level preparations, using
dentin as the bonding substrate for the occlusal veneers

(24731).

Regarding the materials tested, all eight studies evaluated
lithium disilicate veneers fabricated using CAD/CAM
technology. Some studies also included comparisons
with pressable lithium disilicate, nanoceramic resins,
hybrid ceramics, and zirconia. The thickness of the
restorations ranged from 0.5 mm to 2.5 mm, following
the minimally invasive principles of occlusal veneer

design (**31).

Fracture resistance testing was conducted using universal
testing machines, in accordance with the standards
established in each respective country.

All eight studies incorporated aging procedures for the
specimens. Five studies used thermocycling methods
to simulate clinical conditions (2% 30 31) while the
remaining three employed non-thermocycling methods,
such as immersion in distilled water for periods ranging

from 24 hours to 3 weeks at 37 “C(*42>%).

According to the QUIN tool assessment, two studies
presented a medium risk of bias (68.18%),and six studies

presented a low risk of bias (72.72%) (Table 5).

DISCUSSION

The decision to include only studies published within
the last 10 years was based on criteria of recency,
methodological validity, and technological relevance. In
the field of restorative dentistry—particularly concerning
materials such as lithium disilicate and CAD/CAM-
fabricated occlusal veneers—substantial advances have
occurred over the past decade in ceramic composition,
adhesive systems, and manufacturing techniques.*?,*
Restricting the search to this time frame ensured the
comparability of results, reflected the current state of
these restorative approaches, and enhanced the clinical

relevance of the conclusions.
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Table 5. Bias risk analysis according to the QUIN guestionnaire tool *

Detailed
Clear  explanation

Detailed
explanation
of sampling

technique

Details of b

AUTHORS COMPANSONon of  details

methodology

objectives of sample size
calculation

Andrade et al** 2 0 2 2 2 0
Zamzam et al® 2 0 2 2 2 0
Albelasy et al?* 2 0 I 2 2 0
Al-Zordk et al” 2 0 2 2 2 2
Zhang et al?® 2 0 2 2 2 0
Essam et al® 2 2 2 2 2 0
Paqué et al®® 2 2 2 2 2 0
Yazigi et al®' 2 0 I 2 2 0

explana-  Operator Randomi-

Methoq of Outcome  statistical Pr.esenta- BIAS RISK
2ation Measuring assessor Blinding i tion of ACCORDINGTO  BIAS RISK
outcome  details results THE QUIN
2 2 0 na 2 2 72.72% low risk
2 2 0 na 2 2 72.72% low risk
2 2 0 na 2 2 68.18%  medium risk
0 2 0 na 2 2 72.72% low risk
2 2 0 na 2 2 72.72% low risk
0 2 0 na 2 2 72.72% low risk
0 2 0 na 2 2 72.72% low risk
2 2 0 na 2 2 68.18%  medium risk

Moreover, due to the destructive nature of fracture
resistance testing and the absence of standardized clinical
methods for measuring fracture resistance in vivo, this
systematic review included only in vifro studies. In vitro
testing allows for the use of standardized protocols, strict
control of experimental variables (such as substrate,
thickness, preparation design, and luting technique),
and reliable simulation of aging and fatigue processes
(). In contrast, available clinical studies typically
report long-term survival or failure rates but do not
perform destructive testing to evaluate the mechanical
performance of restorative materials.

The average human bite force in the anterior region
is approximately 49 N (4.9 kg), while in the posterior
region it can range between 200 and 540 N (20-55 kg)
(¥). In patients with bruxism, these forces may exceed
800 N (81 kg) (*°). Therefore, it is essential to interpret
the findings of this review in light of these physiological

and parafunctional loading conditions.

According to the studies by Andrade and Zhang (**
28) lithium disilicate CAD/CAM occlusal veneers
demonstrated higher fracture resistance than other
materials such as microhybrid resins and pressable
lithium disilicate. Both studies reported consistent
mechanical test results, showing superior fracture
resistance for CAD/CAM-fabricated lithium disilicate
veneers regardless of thickness, when compared to
their pressable counterparts, despite identical chemical
composition.

'This difference may be attributed to the manufacturing
process, which directly influences the material’s
microstructure and mechanical behavior (3+%). In IPS
e.max Press (pressable), the lithium disilicate crystals
measure approximately 4 pm in length and 0.6 um in
width, whereas in IPS e.max CAD (CAD/CAM), the
crystals are about 1 pm long and 0.4 um wide. These
differences in crystal dimensions are significant, as they

directly affect the fracture resistance of ceramics (*7).

In the study by Zamzam et al. (¥), three CAD/CAM
materials—including lithium disilicate—were evaluated
using a static lateral load instead of an axial load.
This testing configuration resulted in lower fracture
resistance values: 493 N (50.27 kg) for lithium disilicate
CAD/CAM occlusal veneers. In contrast, other studies
employing axial loading reported markedly higher
values, reaching up to 2356 N (240.25 kg) for veneers
with a thickness of 1.5 mm (%).

As previously mentioned, the fracture resistance of
CAD/CAM occlusal veneers is significantly influenced
by both material type and thickness. In the study by
Albelasy et al. (%), the authors also investigated the effect
of different aging methods. Veneers were stored either in
distilled water for 24 hours or in artificial saliva at 37 °C
for six months. The study found no significant differences
in average fracture resistance between storage conditions.
According to the authors, this result may be attributed to
the controlled industrial manufacturing of CAD/CAM

blocks, which minimizes porosity and produces a more

»
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homogeneous material with reduced water sorption (*'),
thereby improving mechanical performance.

While many studies emphasize the restorative material,
it is equally important to consider the type of cement
used. For instance, in the study by Al-Zordk et al. (¥),
mechanical testing was conducted using different CAD/
CAM materials, including lithium disilicate. The results
showed no significant differences in fracture resistance
between lithium disilicate, zirconia, and resin-infiltrated
ceramic veneers; however, the resin-infiltrated ceramic
group exhibited the highest values. This behavior may
be explained by the similar elastic moduli of resin-
infiltrated ceramics and dentin.

Nevertheless, other studies have reported lower fracture
resistance values for this material, possibly due to
variations in adhesive protocols, such as the use of self-
etch primers. The fracture resistance values for lithium
disilicate veneers in that study were consistent with
other findings reported in the literature (***).

In addition to material and thickness, the bonding
substrate is another critical variable. The present review
included only studies in which occlusal veneers were
bonded to dentin, as this condition represents a common
clinical scenario in patients presenting with moderate
tooth wear.

In the study by Essam et al. (¥) the surface conditioning
method prior to cementation was also evaluated.
Hydrofluoric acid (HF) is known to enhance bonding to
lithium disilicate; however, previous studies have reported
that, depending on its concentration and exposure time,
HF may negatively affect the mechanical strength of
ceramics (**!). The authors tested three conditioning
agents: acidulated phosphate fluoride (APF), which acts
more superficially and is commonly used in orthodontics;
hydrofluoric acid (HF); and Monobond Etch & Prime
(MON). Regardless of the conditioning agent, increased
restoration thickness (1 mm vs. 0.5 mm) yielded higher
fracture resistance. Even 0.5 mm restorations exceeded

average molar bite forces (400-800 N) (¥).

8 | N[Qf

It is crucial to follow a strict conditioning protocol for
lithium disilicate to ensure optimal bonding. But it's
also important to enhance the condition of the bonding
substrate. For this reason, Yazigi et al. (*') investigated
the effect of immediate dentin sealing (IDS). Specimens
treated with IDS exhibited significantly higher fracture
resistance than those without. According to the authors,
this improvement is likely due to the pre-curing of the
adhesive, which creates a more uniform hybrid layer with
resin tags sealing the dentinal tubules. This configuration
reduces stress on the dentin during cementation and
allows occlusal forces to be distributed more evenly—
functioning as a monoblock—which explains the
observed increase in fracture resistance.

In the study by Paqué et al. (**) the authors compared
veneers fabricated using subtractive (CAD/CAM)
and additive (3D printing) techniques. Although
no significant differences in fracture resistance were
observed, notable differences were found in marginal
fit between pressed and CAD/CAM lithium disilicate

restorations (%4).

Based on the evidence reviewed, the ideal thickness
tor occlusal veneers appears to range between 0.8 mm
and 1.0 mm for optimal performance. While thinner
restorations (<0.6 mm) may present processing-related
failures, they still demonstrate high fracture resistance.

Further research is recommended to explore additional
variables related to the adhesive phase, with the goal
of optimizing cementation protocols—particularly
for bonding to dentin, which exhibits lower adhesion
potential than enamel. Refining these protocols will
contribute to improved clinical performance and long-

term success of occlusal veneers.

CONCLUSIONS

e CAD/CAM lithium disilicate occlusal veneers
bonded to dentin exhibit optimal fracture resistance
values, exceeding those expected under high occlusal
load conditions in clinical settings.
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